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Optical waveguide device and travelling-wave optical modulator 



(54) 

(57) An optical waveguide device 1 A has an optical 
waveguide substrate 10A and a supporting substrate 6 
supporting the substrate 1 0A. The substrate 1 0A has a 
main body 4 made of an electrooptic material and having 
first main face 4a and a second main face 4b, an optical 
waveguide 3 formed in or on the main body 4 and an 
electrode 2A, 2B or 2C formed on the side of the first 
main face 4a of the main body 4. The supporting sub- 
strate 6 is joined with the second main face 4b of the 
main body 4. A low dielectric portion 11 with a dielectnc 
constant lower than that of the electrooptic matenal is 
formed in the supporting substrate 6. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[00011 The present invention relates to optical 
waveguide devices and travelling-wave optical modula- 
tor s utilizing the same. 

2. Related Art Statement 

[00021 A traveling-wave optical modulator using lithi- 
um niobate (LiNb0 3 ), lithium tantalate (LiTa0 3 ) or gal- 
lium-arsenide (GaAs) for the optical wave 9 u ' de ^ S **" 
cellent properties and may realize a broadband modu- 
,ation at a high efficiency. Lithium niobate and ttNum 
tantalate are excellent ferroelectric materials having 
large electrooptic coefficients and can control light with- 
in a short optical path. Factors suppressing the ^modu- 
lation frequency of the traveling-wave opted modulator 
include velocrty mismatch, dispersion, electrode con- 
ductor loss and dielectric loss. 

[0003] The concept of velocity mismatch will now oe 
further explained. In a traveling-wave optical modulator 
the velocity of the light propagating through the optical 
waveguide largely differs from that of the signal m.cro- 
wave propagating through this electrode. Assume that 
the light and the modulation wave propagating through 
the crystal have different velocity Vo and Vm. respec- 
tively. For example calculation was made for an L.Nb0 3 
optical modulatorhaving planar type electrodes The ef- 
fective refractive index of LiNb0 3 single crystal is 2.15, 
and the velocity of the light propagating through the op- 
tical waveguide is inversely proportional to the refractive 
index- On the other hand, the effective index for mode, 
lating wave is given by a square root of the d-electnc 
constant near a conductor propagating the wave 
LiNb0 3 is an uniaxial crystal, and the d.electnc constant 
in the Z-axis direction is 28 and those in the X-ax.s and 
Y-axis directions are 43. Therefore, even if an influence 
of airhavingadielectric constant of 1 , the effects .ndex 
lor modulating wave in the LiNbQ 3 optica, modulate 
having a conventional structure is about 4, which is 
aboutl.9times.2.15.Thus.theve.ocity of the lightwave 
is about 1 .9 times as much as that of the signal micro- 

[00041 The upper limit of bandwidth 'f m" of the optical 
modulator or the modulating velocity is inversely propor- 
tional to a difference in velocity between the light wave 
and the microwave. That is, fm=1/(Vo-Vm). Therefore, 
assuming that the power loss by electrode .s zero, the 
upperllmitof bandwidth-fm" x electrode length 1 =9.2 
GHz cm. Actually, it has been reported that ,n a optical 
modulator having an electrode len 9* " 1 "= 2 f 5 ™" 
fm=40 GHz The effect due to the upper limit of modu- 
lation speed becomes more substantial as the elec- 
trodes become longer. Therefore, a optical modulator 



having a broadband modulation and low driving vortage 
has been earnestly demanded. fnlinMina 
[0005] The inventors has considered the following 
idea. That is, the velocity matching between s.gnal mi- 
5 crowave and optical wave may be realized by applying 
a thin plate with a thickness of, for example, 10 pm for 
an optical waveguide substrate. It is, however, difficult 
to obtain a plate with such a small and uniform thickness 
by grinding. The resulting plate has a low strength and 
10 may easily be warped so that it may be useless 

[0006] The assignee filed a Japanese patent laid- 
open number 133, 159/1998 (UnKed States Patent 
number 6, 219, 469), and disclosed a travelling wave 
optical modulator for giving the solution. The modulate 
T5 has an optical waveguide substrate having a thinner 
portion with a thickness of not more than 10 pin whe e 
the optical waveguide is formed. It is thereby possible 
to realize high-speed modulation without forming a buff- 
er layer made of silicon dioxide, and to advantageously 
20 reduce the product "Vn - L" of a driving voltage Vn and 
a length of an electrode "L". 



SUMMARY OF THE INVENTION 
25 [0007] The inventors have studied the whole process 
for manufacturing a travelling wave optical modulator 
They have tried to form a recess on the surface of an 
optical waveguide substrate by machining as deserted 
in the Japanese Patent 133, 159/1 998, to form a thinner 

so portion with a thickness of for example not more than 
10 urn. They finally found the following problems. Fig. 
10 schematically shows such substrate 16. A deep re- 
cess 1 7 is formed by , for example laser beam work ng 
or grinding, from the back face 1 6b of the substrate 1 e. 
35 The substrate 1 6 has a thickness of for example 0.3 mm 
andthethinnerportion 16chas a thickness of orexam- 
nle 1 0 urn. A thicker portion 1 6a remains after the work- 
ing in the substrate 16 to preserve the mechanical 
strenqth 16d is a worked surface. 
40 [0008] In an actual working process, however, it may 
be difficult to form the recess with an ideal shape shown 
in Fiq 10 For example, the recess is formed by laser 
beam working using a lens, as the recess 17 is deeper 
the focus of the lens moves so that the worked surface 
45 led is curved or rounded. It is therefore difficult to main- 
tain the thickness of the thinner portion 1 6c at a speeffic 
value. The thickness of the central part of the thinner 
portion 16c tends to be considerably smaller than that 
of the peripheral parts of the thinner portion. As a result 
50 when the working is performed so that the thickness of 
the thinner portion 16c is maintained not larger than a 
specified value, for example not larger than 10 urn over 
a sufficiently wide area, the thickness of the central part 
ofthethinnerportion16c becomes considerably smaller 
55 than 10 am. in other words, if the thickness of the pe- 
ripheral part of the thinner portion 1 6c is adjusted to 10 
urn, the central part of the thinner portion 1 6c is made 
considerably smaller than 10 urn. Such thin central part 
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with a thickness of smaller than 10 urn may ea Sl ly be 
broken as 16e. When the substrate 16 is worked us.ng 
a grinding stone, the above problems may not be avo.d- 



[0009] An object of the invention is to provide an op- 
tical waveguide device having an optical waveguide 
substrate having a mechanical strength sufficient for 
handling, being effective for reducing off-specification 
products due to warping, cracks and fracture in the sub- 
strate, and effective for improving the propagating ve- 
locity of signal wave applied onto its electrode. 
[0010] Another object of the invention is to apply the 
above optical waveguide device to atravelling-wave op- 
tical modulator to improve the velocity matching of sig- 
nal wave applied onto its electrode and light wave prop- 
agating through the optical waveguide. 
[0011] The invention provides an optical waveguide 
device comprising an optical waveguide substrate and 
a supporting substrate supporting the optical waveguide 
substrate; 

wherein the optical waveguide substrate compris- 
es a main body made of an electrooptic material and 
having a first main face and a second main face, an op- 
tical waveguide formed in or on the main body and an 
electrode formed on the side of the first main face of the 
main body, and the supporting substrate is joined with 
the second main face of the main body, a low low die- 
lectric portion with a dielectric constant lower than that 
of the electrooptic material being formed in the support- 
ing substrate 

[0012] The invention further provides a travelling- 
wave optical modulator having the device, wherein a 
voltage for modulating the light propagating through the 
optical waveguide is applied by means of the electrode. 
[0013] The inventors studied the problems described 
above, and have reached the conclusion that the prob- 
lems might not be totally avoided in a process of forming 
the thicker portion 16a for improving the strength and 
an space 17 for improving the propagating velocity of 
microwave signal in the substrate 16, as shown in Fig. 
1 0. The inventors have finally tried to assure a sufficient 
strength of a device by providing a separate supporting 
substrate. That is, The supporting substrate is joined 
with an optical waveguide substrate to provide a me- 
chanical strength sufficient for handling the device. As 
a result, it is not necessary to provide the thicker portion 
in the optical waveguide substrate for assuring the me- 
chanical strength sufficient for handling, so that the total 
thickness of the optical waveguide substrate may be 
considerably reduced. The inventors also have reached 
the idea that a recess or space is formed in the support- 
ing substrate to utilize the recess or space for improving 
the propagating velocity of microwave in the electrode. 
[001 4] It is therefore possible to provide a mechanical 
strength sufficient for handling to an optical waveguide 
device as a whole and to prevent the warping of its op- 
tical waveguide substrate at the same time. Moreover, 
it is possible to reduce off-specification products due to 



cracks or fracture caused during the working process 
for forming a thinner portion in the optical waveguide 
substrate. It is thereby possible to reduce the thickness 
of the optical waveguide substrate and to improve the 
5 propagating velocity of signal wave applied onto the 
electrode by providing an space in the supporting sub- 
strate. 

[0015] Any kinds of low dielectric portion or low die- 
lectric portions with a relatively low dielectric constants 
10 may be used instead of the recess or space. 

[0016] The invention further provides an optical 
waveguide device comprising an optical waveguide 
substrate and a supporting substrate supporting the op- 
tical waveguide substrate; 
is wherein the optical waveguide substrate compris- 

es a main body made of an electrooptic material and 
having a first main face and a second main face, an op- 
tical waveguide formed in or on the main body and an 
electrode formed on the side of the first main face of the 
20 main body, the device further comprising a joining layer 
joining the supporting substrate and the second mam 
face of the main body and a low dielectric portion with 
a dielectric constant lower than that of the electrooptic 
material, the low dielectric portion being provided inside 
25 of the joining layer and being provided between the main 
body and the supporting substrate. 
[0017] The inventors further found that the above ef- 
fects may be obtained by providing a low dielectric por- 
tion inside of the joining layer, instead of providing the 
30 low dielectric portion in the supporting substrate. 

[00181 These and other objects, features and advan- 
tages of the invention will be appreciated upon reading 
of the following description of the invention when taken 
in conjunction with the attached drawings, with the un- 
35 derstanding that some modifications, variations and 
changes of the same could be easily made by the skilled 
person in the art. 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0019] 

Fig. 1 is a cross sectional view showing atravelling- 
wave optical modulator 1 A according to one embod- 

45 iment of the invention. 

Fig. 2 is a cross sectional view showing a travelling- 
wave optical modulator 1 B according to another 
embodiment of the invention. 
Fig. 3 is a cross sectional view showing a travelling- 

so wave optical modulator 1 C according to still another 
embodiment of the invention. 
Fig. 4 is a cross sectional view showing atravelling- 
wave optical modulator 1 D according to still another 
embodiment of the invention. 

55 Fig. 5 is a cross sectional view showing a travelling- 
wave optical modulator 1 E according to still another 
embodiment of the invention. 
Fig. 6 is a cross sectional view showing atravelling- 
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wave optical modulator 1 F according to st.ll another 
embodiment of the invention. trQuellina 
Fig. 7 is a cross sectional view showing >mh» 
wave optical modulator 1 G accord.ng to st.ll another 
embodiment of the invention 
Fig 8 shows figures for explaining stages of one 
example for manufacturing a travelling-wave optical 
modulator of the invention. 
Fig 9 is a graph showing relationship between the 
d mensionsaccordingto a design ^ a o P t,cal mod- 
uSor of the invention and the results of calculate 
of the effective refractive index for microwave. 
Pig ! o is a diagram schematically showing a optical 
modulator, for explaining the problems encoun- 
tered. 

Preferred embodiments of the invention 

10020] The invention will be further described refer- 
S gtc 'the attached drawings. Fig. 1 is a cross sect.na 
viet schematically showing a optica, modu ator 1 A ac 
cording to one embodiment of the .nvent.on Fg 1 
shows the cross section substantially perpend. cu la to 
a dTeSon of light propagation in this traveling 
waveauide optical modulator. 

m021] The optical modulator 1A has an optical 
waveguide substrate 1 0A and a supporting substrate 6. 
Bo^of the main body 4 and substrate 6 M 
shaped. Predetermined electrodes 2A 2B and 2C are 
formed on a first main face 4a of the ma.n bod , 4_£ 

electrode (CPW electrode) conjuration ,n this exam 
pie the configuration of electrodes are not P^uMy 
£ed. in this" example, a pair of op^waveguides 3 
are formed between the neighboring electrodes, so tha 
r.£S voltage may be applied onto each ojW- 
waveguides in a direction substantially parallel with the 
mSace 4a. The optical waveguide 3 is of ^ac^Zeh 
nder type structure, which is well known and .s no par- 
t,clrty illustrated. A recess 4e is formed on the s.de of 

thinner portions 4d and one first thinner portion 4f face 

he first thinner portions 4d. A base portion 4c with a 

vided outside of the thinner portions 4d. 
mo22] A recess 6e is formed in the supporting sub- 
strate 6 The substrate 6 has a plate-shaped portion 6a 

6b protruding from the plate-shaped portion 6a. One 
main face 6d of the substrate 6 is joined with the other 
main ace 4b of the main body 4 through a join.ng layer 
5 6c is an exposed face of the substrate 6 to a space 

of the backface (the second ma.n face) 4b of he^ub 
strate. In this example, the space 22 and 11 together 

SSS-X sSh of the device may be preset 



by means of the supporting substrate 6 
,arge thickness, providing a strength ^^"J™ 

also be prevented. The thickness of the ma.n body 4 
5 may be also reduced and the recess 6e or space 11 

the propagation velocity of microwave .n the electrode^ 
n X? words, as the thickness V of the reg.on A 
where the optical waveguide is formed is smaU (thin), 

er Further, as a total (Ta) of the depths of the space VI 
and 22 is larger, the propagation velocty of the m.cro- 

,s 6 C ofthesupportingsubstrate6tothespace11 has little 
fnfluence or effects on the light propagating through the 
25 waveguide and the microwave signa * pjopag* 
ing through the electrode. In other words, the exposed 
ace 6c is too distant from the optical waveguide 3 or 
2 o erodes 2A, 2B and 2C to put a substant.al mfluence 

ed, even when the exposed port.on 6c has a . cun«* 
M the thickness of the plate shaped portion 6a is 

7 is Icnred on me side ol die eecond mam lac. 

»h.n the recaas haa an eun/ed innar wall lace , or the 
. o, Ihe Ihlnner portion led la ' ^ 

nmnaoatinq through the optical waveguide or micro 
wave Tgna 9 l propagating through the electrode may be 
substantially affected. . 
r0026] A optical modulator 1B, shown .n F g. 2, has 
35 Scondth P inner P o rt ions4dandonefirstth.nnerp^ 
Ton 4f both facing a recess 4e. The th.nner portion 4f s 
4qwithathicknesssubstantiallysameasthatofthepor 

Jon4f is provided outside of the ™™«^™ S ^ n 
40 [0027] AtravelBng^opllca^^^C^ 
n Fig 3, has an optical wavegu.de substrate J 0B and 
supporting substrate 6. Predetermined electrodes 2D 
and 2E ™ formed on a first main face 14a of a main 
Sy H. in this example, it is applied Iso 

a direct substantially parallel w*h the ma.n f ace. The 
5 o second main face 14b of the substrate 14 

r00281 A recess 6e is formed in the supporting sub 
itrate 6 The substrate 6 has a plate-shaped port.on 6a 
ZZ side of the other main face and side wall portions 
6b protruding from the plate-shaped P«jon * 
55 main face 6d of the substrate 6 is joined w.th the second 
main ace 14b of the main body 14 through the jo.n ng 
5 6c is an exposed face of the substrate 6 to the 
space 1 1 . 
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[0029] The invention may be applied to travelling 
wave optical modulator s of so called independent mod- 
ulation type. Fig. 4 shows a optical modulator 1D ac- 
cording to the embodiment. The modulator 1 D has an 
optical waveguide substrate 1 0C and a supporting sub- 
strate 6A. Predetermined electrodes 2F, 2G and 2H are 
formed on a first main face 24a of a main body 24 
through a buffer layer 15. In this example, optical 
waveguides 3A and 3B are formed direct under the elec- 
trodes respectively, so that a signal electrical field may 
be applied on each optical waveguide in a direction sub- 
stantially perpendicular to the main face 24a of the sub- 
strate A pair of optical waveguides 3A belong to first 
modulating unit 17A and a pair of optical waveguides 
3B belong to second modulating unit 17B. The optical 
waveguides 3A and 3B are modulated separately and 
independently The second main face 24 b of the sub- 
strate 24 is substantially flat. 

[0030] For example two recesses 6e are formed in the 
supporting substrate 6A. The substrate 6A has a plate- 
shaped portion 6a on the side of the other main face and 
for example three side wall portion 6b and 6e each pro- 
truding from the plate-shaped portion 6a. One main face 
6d of the substrate 6 is joined with the second main face 
24b of the main body 24 through the joining layer 5, so 
that spaces 11 A and 11 B are formed. 6c is an exposed 
face of the substrate 6 to each space. 
[0031] In the following examples, a low dielectric por- 
tion is provided inside of a joining layer. Figs. 5. 6 and 
7 are cross sectional views schematically showing op- 
tical waveguide devices 1E, 1F and 1G, respectively. 
When the devices shown in Figs. 5, 6 and 7 have the 
same components already shown in Fig. 1 , such com- 
ponents are specified using the same reference numer- 
als as those in Fig. 1 to avoid repeating the same expla- 
nation. 

[0032] An optical waveguide substrate 1 0A of a de- 
vice 1E shown in Fig. 5 is substantially same as that 
shown in Fig. 1, except that a supporting substrate 26 
is plate shaped without forming an space or low dielec- 
tric portion therein, in the present example. The flat face 
26 a of the supporting substrate 26 is joined with a join- 
ing face 4d of a main body 4 at the joining faces 26a 
located at both ends of the flat face 26a, through a join- 
ing layer 25 having a thickness of "ty". 25a and 25b are 
joining faces of the joining layer 25. As a result, a space 
21 is surrounded and formed by the back face of the 
main body 4, the flat face 26b of the supporting substrate 
26 and joining layer 25. The innerface 25c of the joining 
layer 25 faces the space 21 . The space 21 communi- 
cates with recesses 22 formed on the main body. 
[0033] The distance Ta" between the back face 4b of 
the main body 4 and the supporting substrate 26 may 
be increased by providing the space 21 or another low 
dielectric portion inside of the joining layer 25, without 
the necessity of forming a space or another low dielec- 
tric portion in the supporting substrate 26. Such config- 
uration is effective for the high speed modulation de- 



scribed above. 

[0034] A optical modulator shown in Fig. 6 has a pair 
of second thinner portions 4d and one first thinner por- 
tion 4f both facing the recess 4e. The thinner portion 4f 
5 is between a pair of the thinner portions 4d. Base por- 
tions 4g, with a thickness substantially same as that of 
the thinner portion 4f, are provided outside of the re- 
spective thinner portions 4d. 

[0035] In a preferred embodiment, a low dielectnc 
10 portion may be provided in a supporting substrate and 
another low dielectric portion may be provided inside of 
a joining layer at the same time. Fig. 7 shows a device 
according to the embodiment. 

[0036] A device 1 G of Fig. 7 has an optical waveguide 
rs substrate 1 0A substantially same as that shown in Fig. 
2 In this example, a recess 36c is formed in a supporting 
substrate 36. The substrate 36 has a plate-shaped por- 
tion 36a and side wall portions 36b protruding from the 
plate-shaped portion 36a. A recess 36c is formed inside 
20 of the side wall portions 36b. One main face 36d of the 
supporting substrate 36 is joined with the joining face 
25a of the joining layer 25. The joining face 25b of the 
joining layer 25 is joined with the back face 4b of the 
main body 4. 

25 [0037] in the present example, a space 1 1 is formed 
in the substrate 36, a space 21 is formed inside of the 
joining layers 25 and recesses 22 are formed on the side 
of back face 4b of the main body 4. The spaces 11 and 
21 and the recesses 22 communicate with each other 
30 to form a larger space in the device. 

[0038] In a preferred embodiment, at least a part of 
the low dielectric portion provided in the supporting sub- 
strate, and/or. at least a part of the low dielectric portion 
provided inside of joining layers is a space as shown in 
35 Figs. 1 to 7. A space filled with only air has a dielectnc 
constant of the air or atmosphere, which is a minimum 
value practically obtained. It is thus preferredfor improv- 
ing the propagating velocity of microwave signal. 
[0039] It is, however, possible to fill a low dielectnc 
40 material with a dielectric constant lower than that of the 
electrooptic material in at least a part of the low dielectnc 
portion provided in the supporting substrate, and/or, the 
low dielectric portion provided inside of the joining layer. 
It is also possible to improve the propagating velocity of 
45 microwave signal compared with an optical waveguide 
device having a supporting substrate and an optical 
waveguide substrate, in which the substrates are con- 
tacted with each other without forming the low dielectnc 
portion. . 
so [0040] Particularly, the low dielectric matenal with a 
dielectric constant lowerthan that of the electrooptic ma- 
terial may be directly contacted with at least the second 
main face (back face) of the main body. It is desirable 
that the thickness of the main body is made smaller for 
55 improving the velocity matching. The low dielectric ma- 
terial contacted with the main body is effective for direct- 
ly supporting the thin main body at its back face (the 
other main face). In this case, it is possible to fill the 
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whole of the low dielectric portion, such as a recess 
tZim the supporting substrate, with the low -dateo- 
rmateria. without leaving an empty space. Altera- 

eria. S lo P w dielectric materia, includes a glass, an 

SSS The mam body tor ceaetifuting opuoal 

? 9 «! ^effective for light modulation, and includes 
^nS2SS» —ate. lithium ^tbium 
antalate solid solution, potassium lithium n.obate KTP. 
SaAs and quartz. Single crystals of lithium n.obate Irth- 
^SSL. I«hium niobate-.ithium tanta.ate so.id so- 

limited so .ong as it has 
excellent impedance properties, .nclud.ng gold, s.lver. 

Kablybeamaterialhavingadielectr l cconstantloW Q 
e S that of the electrooptic materia, fo, ' m« 
the influence of the supporting substrate on the propa 
gatin velocity of microwave signal. Such matenai ,n- 

Change ofamfient temperature on the light n^a .on 
S reducing a difference between the ..near thecal ex 
Snsion coefficient of the main body and that of the sup- 

;^ , Fo^.t"uppo« 9 soo, ra .o™ y oo m a a o 

as that constituting the main body. 
[004^ Accordingtotheinvention thematena part.c- 
ularlv single crystal, constituting the support.ng sub 
s rl may preferably be of the same kind as a materia. 
S^he main body, particularly single crystal, for match- 
heThela. Mansion between «t-^^ 
nreferred to apply an ferroelectnc material, part.cu terly 

C^.»»«^ forthB8upport,n08 



,o waveguide orThe e.ectrode and the support^ sub- 
mm 1" the present embodiment, a material, partic- 

man the main formulatioa may be the aame o, the 
ferent with each other. hAtween the 

» magaeeium Jadde. a.iooh aimd. and ajumraa 

P050] The optical wayeguide is formed ,n or oa tbe 
La body aad may prefarabiy be <°™"°"™ s * * 

so S formed on the first maia face of the i^od, 0 

:fr m s=rb^^x 

" 

-|=S32S3S§ 
.==2=255 

he electrode. Since such configuration tends to ,n- 
r r ea^he propagation .oss of light, a buffer layer may 
p^abybeprovldedbetweenthefirstmamfaceofthe 
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substrate and electrode for reducing the propagation 

r0053] In a preferred embodiment, the thickness W 
3 the main body is not larger than 50 
of the optical waveguide. It is thereby made easy to re- 
alize the velocity matching of the light wave and micro- 
wave. The thickness "tw" may more preferably be not 
larger than 20 urn on this viewpoint. 
[0054] The thickness "tw" of the mam body in the re- 
gion of the optical waveguide may prefer ably be no 
smaller than 5 urn for preventing the fracture or cracks 
in the main body. 

[0055] Further in a preferred embod.ment the maxi- 
mum thickness W" of the main b^ 
500 nm and more preferably be not larger than 100 urn 
The reason is as follows. According to the invention, the 
mechanics, strength of the device necessa^rpr j 
handling may be mainly given by the supportmg^sub- 
strate as described above. It is therefore possible to 
substantially reduce the thickness tmax" and to pre- 
serve the necessary strength of the device at the same 
time. Further, the thickness »tw" where the optical 
waveguide is provided may be reduced by reducing the 
maximum thickness "tmax" of the mam body. When the 
thickness of the main body is «^ f "^V£°£ 
"tmax" is equal to "tw". When a recess is formed in the 
main body so that "tw" is made smaller than -tmax , as 
Cx is larger, the depth of the recess should be larger 
s Ta"to sufficiently reduce "tw". As the depth o the re- 
cess is larger, however, the problems associate wrth 
the working process, described above, may be nduced. 
It is effective to apply the mainbody with a smal er max- 
imum thtekness "tmax" (to apply ath'nnersubstrate) be- 
fore forming the recess, for reducing the problems as 
sociated with the working process. 
[0056] The maximum thickness "tmax 1 of the main 
body may preferably be not larger than 10 urn for pre- 
venting the fracture or cracks during the handling of the 

raOsT The thickness "Ta» of the low dielectric portion 
or a total Ta» of the thicknesses of the low dielectric por- 
tions, at the region where the optical waveguide is pro- 
vided may preferably be not smaller than 5 am and 
morepreferablybenotsmallerthanSO^mforimproving 
The velocity matching of the light wave and microwave^ 
[0058] The thickness "d» of the low dielectric port on 
ormed in the supporting substrate and the thickness t/ 
of the joining layer may be decided pending on the 
designed value of •Ta". However, "ty" may preferably be 
not smaller than 5 am for improving the contribution of 
the low dielectric portion inside of the joining layer on 
the high frequency modulation. 

[0059] The width "Wa" of the low dielectnc portion (re- 
fer to Figs. 1, 2 and 3) may preferably be not smaller 
than 5 urn and more preferably be not smaller than 1 00 
for improving the velocity matching of the light wave 

and microwave. . . 

[0060] In a preferred embodiment, a recess is formed 



on the side of the second main face of the optical 
waveguide substrate, as shown in Fig. 1. 
P061] Further in a preferred embodiment, as shown 
n Fig 1, the main body has a first thinner portion and a 
5 second thinner portion, in which the first thinner porton 
has a thickness iarger than that of the second th^ner 
portion. The optical waveguide is provided wrth.n the 
first thinner portion. mB »-h 
[0062] Forexample, for attaining the veloaty match- 
10 ng in a travelling-wave optical modulator operating at 
an electric signal with a frequency not lower than 10 
GHz it is generally necessary to reduce the thickness 
of the thinner portion of the main body to 
However, the thinner portion is normally exposed t a. 
,5 whose refractive index is substantially lowerthar .that of 
the electrooptic material. Consequently as the th e* 
nessofthethinnerportionapproachesaboutiou^the 

cross section of the light beam propagating through the 
opticalwaveguidetendstobe elliptic. On theotherhana, 
20 the cross section of the light beam propagating , through 
outside optical fibers is substantial* 
and the optical fibers are optically connected wrth the 
optica, waveguide . This creates a substantial mismatch 
between the distribution of light intensity of beam prop- 

agating through the optical waveguide in the t ravel ing 
wave optical modulator . The optical energy of the mo- 
Sent light is not effectively transmitted, inducing a cou- 

30 ?Sr S |n the present embodiment, as shown in figs. 
2 1 2 5 6 and 7, the main body 4 has the first thinner 
portion 4i andthe second thinner portion 4d with a thick- 
ness smallerthan that of the firstportion, both facing he 
recess 4e. The optical waveguide is provided m the first 
35 Ser portion 4f so that the above connecting .oss may 
be further reduced. * inn /u 
r0064] The thickness "tw" of the f irst thinner portion 4f 
may preferably be not larger than 1 00 urn andmorej pref- 
erably be not largerthan 20 am f or substant,ally reduc 
40 ingtheeffectiveref^^ 

thickness tw" of the first thinner portion 4f may prefer 
ably be not lower than 1 am for preserving the round- 
ness of the light beam propagating through the optical 
waveguide and mechanical strength at the same t,^ 
45 [0065] The thickness "tn» of the second thinner por 
ion4a maypreferablybe smallerthan thethicknesstw 

ofthefirstt y hinnerpo rt ion4f,more P"-^*"*^ 
er than 12.5um and most preferably be not larger than 
lO^n, for substantially reducing the effective refractwe 
so index "nm" of the microwave. 

[0066] The optical waveguide substrate and support- 
ng substrate may be joined with a method not part.cu _ 
,ariy limited. In a preferred embodiment, they are jo.ned 
with'anadhesK^ 
55 of the adhesive agent may preferably be lower than that 
of the electrooptic material constituting 
Addition to this, the dielectric constant o the adhes.e 
agentmaypreferablybe lower than that oftheelectroop- 
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tic material constituting the main body. 
[0 067] The kind of such adhesive agent » not partic- 
ularly limited as far as it satisfies the aforementioned 
c ndi The adhesive includes an epoxy adhes^ 
a thermal setting type adhere, an ™*" e 
adhesive, and a ceramic adhesive having a thermal ex- 
pansion coefficient near that of the e.ectroopt,c matenal 
such as lithium niobate, for example "^N CERAMICS 
C" (manufactured by Toa Gosei Co., Ltd. And hav.ng a 
thermal expansion coefficient of 13X10 /*) 
OoS] xSe recess 4e, 6e and 36c may be formed by 
aser ablation working using excimer laser or d.c.ng. 
r0069] The device according to the invention may be 
produced by a method not particularly limited. In a par- 
ti uSy preferred embodiment, an optica, wavegu.de 
substrate , having a small thickness is produced m ad- 
vance and this substrate is joined wrth 
the side of the recess of a supportmg substrate In this 
case, a predetermined optical waveguide and electrode 
L formed on the first main face of a plate shaped bu* 
having a large thickness for the optical wavegu.de sub- 
strate The flmt main face (surface) of the bulk ,s f .xed 
onto a surface plate using an adhesive. The back face 
{the second main face) of the bulk is then ground and 
polishedtoproduceanopticalwaveguide substrate with 
I determined thickness. The back face (the second 
main face) of the main body is joined with the supporting 
substrate with the recess formed therein. 
[0070] Concretely, for example as shown in F,g. 8(a), 
theoptica.wave g uidesuchas» 
tical waveguide 3 and the electrodes 2A, 2B and 2C .are 
formed by electrolytic plating on the first mair .face , 7a 
of the bulk 7 for the optical wavegu.de substrate. The 
first main face 7a of the bulk 7 is adhered to a polishing 
su rf ace P .ate10throughadumm y plate8.Thef,rJma,n 
face 7a of the bulk 7 is joined with the one mair .face 8a 
of the dummy plate 8 and the other main face 8b of the 
dummy plate 8 is joined with the surface plate 10 
STugh a'joining layer 9. The bulk7 is subjected to ho, 
izontal grinding and polishing (CMP) to reduce the thick- 
ness to a predetermined value such as ^ (JLN 
forming) to obtain a main body 7A as shown m F g 8(b). 
The main body 7A is subjected to dicing to obtam the 
main body 4 with the recess 4e formed as shown , in F.g^ 
1 Themainbody4isfixedontothesupport,ngsubstrate 

6 wrth an adhering agent to obtain a joined body- The 
joined body is polished at the end faces for rceMng 
optical fibers and then cut by dicing to obtain light mod 
utation chips. The optica, axis of each light ^modulation 
chip is adjusted with that of each optical fiber, and the 
chip andfLrarethen joined with an uKraviolet light cur- 

able resin. . _. c 

r0071l For producing the devices shown .n F.gs. 5 and 

7 a sheet made of a joining agent is interposed between 
the backface of the main body 4 andthe supporting sub- 
strate to join them. Preferably, a sheet made of an ad- 
hesive of a thermosetting resin, photoresist resin or ,,gh 
thickening resin is interposed between the backface of 



the main body 4 and the supporting subst rate .and then 
cured. Such sheet may preferably be a film made o a 
resin having a thickness of not larger than 300 am, in- 
cluding "T-2000" (supplied by Hrtach, Chemical Co. 
5 Ltd.), CARBODILITE FILM" (supplied by N.sshmbo In- 
dustries inc.) and "A-1400", "A-1500" and "A-1600 
(supplied by Nagase Chemtech). 
0072] Particularly, as shown in F.gs. 5, 6 and 7 a 
plate-shaped supporting substrate 26 may be adhered 
10 with the supporting substrate4 by a sheet o a res. £ 
hesive. In this case, It is not necessary to form a recess 
inthesupportlngsubstrate26,furtherimprovingthepro- 

ductivity. 



15 EXAMPLES 

[0073] Fig. 9 shows a design example of a travelling- 
wave optical modulator of ACPS type shown in Fj. 3. 
The main body 10B b made of an X-cut plate of » 
20 niobate single crystal, the optical 

by titanium diffusion process, and the *«*^**"* 
formed by electroplating process. The supportmg sub 
strate 6 is made of an X-cut plate of lithiurr .mob** The 
thickness "tw" (the maximum thickness tmax") of the 
25 main body 10B is designed to be 10 pm. the gapG erf 
the electrodes 15 u-m and the width "w" of the electrode 
30 urn. The low dielectric portion is an empty spacem- 
cluSg only air. In this device design, the width Wa 
and height (depth) "Ta« of the space 11 are changed as 

refractive index of microwave. As seen from F.g^ 7 the 
effective refractive index of the microwave may be sub- 

ue not smaller than 100 urn or to .ncrease the height 
35 -Wa" to a value not smaller than 50 urn. General* as 
the width and depth of the space 11 are .argerjhe ef- 
fective refractive index of microwave may be further re 

[ 0 U 0 C 74] Manufacturing examples will be further de- 
40 scribed. 

(Manufacturing Example 1) 

[00751 As shown in Figs. 8(a) and 8(b), the optical 
45 modulator 1 A of Fig. 1 was produced. For example^ an 
X-cut 3 inch wafer (made of LiNb0 3 ) was used as a sub 
strate. An optical waveguide 3 of Mach-Zehnder type 
was formed in the surface area of the wafer -by «an,um 
diffusion and photolithography. The size of the optical 
so waveguide 3 was, for example, 10 urn at 1/e*. CPW 
electrodes were formed by electroplating. 
[0076] A resistf ilm was coated onto the first main face 
surface) 7a of the wafer-shaped bulk 7 for the main 
body and the bulk 7 was set on the surface plate 1 0 of 
55 a micro grinder working system through tte*jW 
plate 8. The working position was adjusted rearing to 
L orientation flat plane of the bulk 7. The bulk 7 may 
be fixed using a thermosetting resin stick wax (manu- 
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factured by Nikka Seiko Co.. Ltd.). The grinding stone 
may be a diamond grinding stone for a res.n bond with 
a roughness of a number #6000. The second main f ace 
(backface) of the substrate was worked under a rotating 
rate of 30, 000 rpm and a feed rate of 0.3 mm/second. 
[00771 Another plate made of lithium niobate was 
ground as described above to form a recess 6c The 
main body 4 and supporting substrate 6 were then 
joinedwithanepoxyresin.Therecesswasnotf.lledwrth 
the resin during the joining process. The wafer was then 
removed from the surface plate and washed with an or- 
ganic solvent to remove the stick wax thereon. The wa- 
fer was then cut with a dicing saw working machine to 
obtain optical modulator chips 1 A. Each chip is optically 
polished at the end faces of the optical wavegu.de. 
ro0781 A single core fiber array supporting a 1 .5 urn 
single mode optical fiber is produced and connected 
with the travelling wave optical modulator ch.p 1 A. The 
optical axis of thef iber is adjusted with that of the optical 
waveguide and joined with an ultraviolet light curable 
resin adhesive. 

(Manufacturing Example 2) 

r00791 The optical modulator 1E of Fig. 5 was pro- 
duced. For example, an X-cut 3 inch wafer (made of 
LifMbO a ) was used as a substrate. An optical waveguide 
3 of Mach-Zehnder type was formed in the surface area 
by titanium diffusion and photolithography. The size of 
the optical waveguide 3 was. for example. 1 0 urn at 1/e . 
CPW electrodes were formed by electroplating. 
[00801 A resistfilmwascoatedontothefirstmainface 
surface) 7a of the wafer-shaped bulk 7 (refer to Fig. 8) 
for the main body and the bulk 7 was set on a the surface 
plate 10 of a micro grinder working system through the 
dummy plate 8. The working position was adjusted re- 
ferring to the orientation flat plane of the bulk 7. The bulk 
7 was fixed using a thermosetting resin stick wax (man- 
ufactured by Nikka Seiko Co. Ltd.). The grinding stone 
may be a diamond grinding stone for a res.n bond with 
a roughness of a number #6000. The second main face 
(back face) of the substrate was worked under a rotating 
rate of 30, 000 rpm and a feed rate of 0.3 mm/second. 
[0081] The supporting substrate 26 made of l.th.um 
niobate was prepared. A sheet of an epoxy thermal set- 
ting resin having a thickness of 60 urn was interposed 
between the main body 4 and substrate 26. The sheet 
was then subjected to thermal curing by heating at 80 
•C to form the joining layer 25 and join the ma.n body 4 
and substrate 26. During the joining process, the res.n 
is prevented from flowing inside of the joining layer. The 
width "Wa" of the space was about 300 urn. The wafer 
was then removed from the surface plate and washed 
with an organic solvent to remove the stick wax thereon. 
The wafer was then cut with a dicing saw working ma- 
chine to obtaining optical modulator chips 1 D. Each chip 
was optically polished at the end faces of the optical 
waveguide. 



[00821 A single core fiber array supporting a 1 .5 urn 
single mode optical fiber is produced and connected 
with the travelling wave optical modulator chip 1 D. 1 he 
optical axis of the fiber is adjusted with that of the optical 
s waveguide and joined with an ultraviolet light curable 
resin adhesive. The transmission property S21 was 
measured using a vector network analyzer to obtain an 
excellent property, that is, a refractive index of m.cro- 
wave of 2. 15. 

10 [00831 As described above, the invention may provide 
an optical waveguide device having an optical 
waveguide substrate with a mechanical strength suffi- 
cient for handling, being effective for reducing off-spec- 
ification products due to warping, cracks and fracture in 
is the substrate, and effective for improving the propagat- 
ing velocity of signal wave applied onto its electrode. 



Claims 

1 An optical waveguide device comprising an optical 
waveguide substrate and a supporting substrate 
supporting said optical waveguide substrate; 

wherein said optical waveguide substrate 
25 comprises a main body made of an electrooptic ma- 
terial and having a first main face and a second 
main face, an optical waveguide formed in or on 
said main body and an electrode formed on the side 
of said first main face of said main body, and said 
so supporting substrate is joined with said second 
main face of said main body, a low dielectric portion 
with a dielectric constant lower than that of said 
electrooptic material being formed in said support- 
ing substrate. 

35 2 The device of claim 1, comprising a joining layer for 
joining said supporting substrate and said second 
main face of said main body, and an additional low 
dielectric portion with a dielectric constant lower 
40 than that of said electrooptic material , said addition- 
al lowdielectricportion being provided inside of said 
joining layer and being provided between said mam 
body and said supporting substrate. 

45 3 An optical waveguide device comprising an optical 
waveguide substrate and a supporting substrate 
supporting said optical waveguide substrate; 

wherein said optical waveguide substrate 
comprises a main body made of an electrooptic ma- 
terial and having a first main face and a second 
main face, an optical waveguide formed in or on 
said main body and an electrode formed on the side 
of said first main face of said main body, said device 
comprising a joining layer joining said supporting 
substrate and said second main face of said mam 
body a low dielectric portion with a dielectric con- 
stant smaller than that of said electrooptic material 
being provided inside of said joining layer, and said 
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,ow dielectric portion being provided between said 
main body and said supporting substrate. 

4 The device of claim 2 or3, wherein said joining layer 
has a thickness of not smaller than 5 am. 

5 The device of any of claims 2 to 4, wherein said join- 
ing layer is made of a sheet made of a res.n adhe- 
sive. 1 

6 The device of any of claims 1 to 5, wherein at least 
' a part of said low dielectric portion is an space. 

7 The device of any of claims 1to 6, wherein at least 
a part of said .ow dielectric portion is composed of 
a materia, having a dielectric constant smaller than 
that of said electrooptic matenal. 

8 The device of any of claims 1 to 7, wherein said sec- 
ond main face comprises a region correspond.ng 
with said optical waveguide, said region f ac.ng sa.d 
low dielectric portion. 

9. The device of any of claims 1 to 8, wherein said 
main body has a thickness of not larger than 1 00 
urn at a region where said optical wavegu.de .s pro- 
vided. 

1 n The device of any of claims 1 to 9, wherein said low 
1 Sec^ion'hasatotalthicknessof notsmaller so 

than 1 mr i at a region where said optical wavegu.de 

is provided. 

11. The device of any of claims 1 to 10, wherein a re- 
cess is formed in said optical waveguide substrate 
at said second main face. 

12 The device of claim 1 1 , wherein said main body has 
" a first thinner portion facing said recess and la sec , 

end thinner portion facing said recess, sa,d ^second 
thinner portion has a thickness smaller than that of 
said firsUhinnerportion. and said optical wavegu.de 
being provided in or on said first thinner port.on. 

13 Thedeviceofeachofclaims1to12,whereinaplu- < 

ality of said .ow dielectric portions are provided, 
each low dielectric portion extending in a direction 
of propagation of light through said wavegu.de. 

14. Atravelling-waveopticalmodulatorcomprisingsaid < 
device of each of claims 1 to 13, where.n sa.d elec- 
trode applies a voltage on said optical wavegu.de 
to modulate light propagating in sa,d optica, 
waveguide. 

1 5 . The optica, modu.ator of claim 1 4, comprising a phj 
rali ty of mediating units each modu at, ng un 
comprising said electrode and sa.d optical 



waveguide, and said electrode applying a ivotag. 
on said optical waveguide in each of sa x modu W 
ing units for modulating light propagating m said 
waveguide independently. 
16 A method of producing an optical waveguide device 
16 - comprising a'n optica, waveguide . substrate and a 
supporting substrate for supporting sa.d optical 
waveguide substrate, said optical 
strate comprising a main body ^£££T£i 
tic material and a first and second main Taces, an 
optical waveguide fonmed in or on sa.d mam body 
and an electrode formed on the s.de of sa.d first 
main face of said main body: said method compns- 
ing the steps of; 

forming a low dielectric portion having a dielec- 
tric constant lower than that of said electrooptic 
material in said supporting substrate, and 
joining said supporting substrate w.th sa.d sec- 
ond main face of said main body. 

17 The method of claim 16, wherein said supporting 
substrate is joined w*h said second ma.n face of 

an additional low dielectric port.on hav.ng a d.etec 
^constant lower than that of said electroopt^ma^ 
terial is formed between said main face and said 
supportingsubstrateandins.de of sa.d jcn.ng layer. 

' 18 A method of producing an optical waveguide device 
1 comprising a'n optica, waveguide substrate and a 
supporting substrate for supporting sa.d optical 
wavequide substrate, said optical wavegu.de sub- 

tic material and a first and second ma.n Taces, an 
optica, waveguide formed in or on sa.d mam body 
and an electrode formed on the s.de of sa.d f.rst 
main face of said main body: said method compns- 
to ing the step of; 

forming a joining layer to join said supporting 
substrate with said second mam face of sa.d 
main body, 

wherein a low dielectric portion haying a die- 
.ectric constant .ower than that of sa.d *ctroopte 
materia, is formed between said mam face . and sa.d 
supporting substrate and inside of sa.d jo.n.ng layer. 
50 19. Themethodofclaim18.whereinsaidjoining.ayer 
is composed of a sheet of a res.n adhes,ve. 
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Fig.3 
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Fig.6 
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Fig.7 
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Fig. 10 
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(54) 

(57) An optical waveguide device 1 A has an optical 
waveguide substrate 10A and a supporting substrate 6 
supporting the substrate 1 0A. The substrate 10A has a 
main body 4 made of an electrooptic material and having 
first main face 4a and a second main face 4b, an optical 
waveguide 3 formed in or on the main body 4 and an 
electrode 2A, 2B or 2C formed on the side of the first 
main face 4a of the main body 4. The supporting sub- 
strate 6 is joined with the second main face 4b of the 
main body 4. A low dielectric portion 11 with a dielectric 
constant lower than that of the electrooptic material is 
formed in the supporting substrate 6. 
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